1) Following injury to the spinal cord and cauda equina, there is a rapid change in serum protein values.
SUMMARY
(1) Following injury to the spinal cord and cauda equina, there is a rapid change in serum protein values.
The features of this change are: (a) a rapid fall in serum albumin concentration, (b) an increase in the alpha globulin concentration in the early days following injury, and, (c) a much slower rise and fall in the gamma globulin concentration.
(2) The rate of fall of the albumin concentration suggests very strongly that these changes start within a very short time after the occurrence of the injury.
(3) The increased protein catabolism leads to an increase in the excretion of nitrogenous metabolites in the urine.
(4) Following the injury, as far as the albumin/globulin ratio is concerned, the serum proteins rarely attain normal values again.
(5) Blood transfusion has a profound effect on the changing serum protein values after the injury and is the most efficacious method of preventing malnutrition.
ACKNOWLEDGMENT My thanks are due to Dr. L. Guttmann for his help throughout this investigation. INTRODUCTION IT has been shown by Guttmann (1951) that although postural sensation, like all other forms of sensation, is abolished following complete lesion of the spinal cord in man, it is possible to exercise control of posture in the paralysed parts of the body, and to maintain equilibrium in the erect position. This is achieved by the use of certain muscles, in particular the latissimus dorsi, which have their segmental innervation in the spinal cord above the level of the lesion, and their points of insertion in the paralysed part of the body, particularly the pelvis.
An account was then given of some investigations carried out by electromyography on 6 paraplegics and 2 normal subjects, with a view to throwing some light on the problem of the part played by the various normal and paralysed muscles in maintaining posture in spinal man.
APPARATUS AND TECHNIQUE
All the investigations described here were carried out with apparatus specially constructed in the Electro-Medical Research Unit for this type of work.
MATERLAL AND EXAMINATION PROCEDURE
To date, 6 paralysed patients with complete lesions of the spinal cord, and 2 normal subjects have been examined in detail. In all these paraplegic patients, the complete transverse spinal syndrome was of traumatic origin, due either to gunshot injury or fracture dislocation of the spine; in 1 case, it was the result of operative removal of a spinal cyst. The level of the lesions varied between T.2 and L. 1. The motor paralysis was of spastic type of varying intensities in 5 cases, while in 1 case with paraplegia below L.1 the lesion was of lower motor neurone type, with flaccid paralysis as far as the hip flexors, glutei and flexors of the knees were concerned. The knee-jerks in this case were absent. The time lapse since the onset of the spinal paraplegia varied between five and ten years. All paraplegics examined were fully rehabilitated and in excellent physical condition. The examination has been concentrated on four muscle groups, the latissimus dorsi, gluteus maximus, quadriceps and hamstrings.
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The normal procedure has been to apply electrodes to the muscles while the patient was sitting between parallel bars, and then to record the activity (i) during rising to the erect position with the aid of parallel bars, the patient supporting himself with both hands and keeping the forearms in extension, (ii) while remaining erect and balanced, (iii) while changing from an erect to a relaxed leaning forward position on the bars, (iv) while sitting down from the erect position.
(v) Recordings have also been made on some of the patients during adduction of the arm against resistance while lying in a lateral position.
RESULTS OF EXAMINATION ON PATIENTS
These results are based on the study of several hundred feet of records so far taken; the short lengths reproduced here are given as examples only.
Case L-W. H., male, aged 52. Transverse spinal cord syndrome below T.12 with spastic paraplegia after compression fracture of T.12-L.1 vertebrx on 19.8.49.
Results of electromyographic examination.-Vigorous activity in quadriceps, hamstrings, and some in gluteus maximus while standing up. Quadriceps activity somewhat reduced once fully erect position is attained. Hamstring activity does not reach a maximum until the fully erect position is attained (Fig. 1 Results of electromyographic examination.-Vigorous activity in quadriceps during standing up and sitting down. Vigorous activity in both quadriceps and hamnstrings while standing erect. The activity in the hamstrings did not start until the erect position was reached, whereas that in the quadriceps was maximal during rising and sitting down. There was a strong tendency to develop clonus in the quadriceps after standing erect for about half a minute (Fig. 2 ). Results of electromyographic examination.-During the act of standing up and sitting down, bursts of activity were seen in the hamstrings and quadriceps but no measurable activity was found in the gluteus maximus. In contrast to Case I, there was little continuous activity in quadriceps and hamstrings while remaining erect (Fig. 3) . Results of electromyographic examination.-Vigorous activity of latissimus dorsi during rising fromnsitting to erect position. No activity was found in any of the paralysed muscles examined, either during standing up and sitting down, or while remaining erect (Fig. 4 ). aM2 R |~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....~~~~F iG. 4 (Case IV).-Flaccid paraplegia. Showing absence of any reflex activity in paralysed muscles while rising and standing erect, but vigorous activity mn the latissimus dorsi.
COMMENTS AND CONCLUSIONS
The common feature found in all the paraplegic patients examined-5 of them with spastic paraplegia and 1 with flaccid paralysis of the hip and thigh muscles-was the vigorous activity of the latissimus dorsi during the act of rising from sitting position and the maintenance of posture in standing position. This finding confirms Guttmann's views about the importance of this muscle in the restoration and control of posture in erect position, especially standing, in paraplegic patients. Comparison with healthy subjects shows that, in normal conditions, the latissimus dorsi plays only a small part, as compared with the gluteus maximus, during the act of rising from the sitting to the erect position, even if the person uses his arms to raise the body from the sitting to the standing position.
Interesting differences were found in the relationship between the voluntary function of the latissimus dorsi and the reflex function of the paralysed gluteus maximus, quadriceps and hamstrings, in the spastic cases. When the patient was lying in lateral position, even vigorous adduction of the arm against resistance, producing powerful contractures of the latissimus dorsi with upwards tilting of the pelvis, did not elicit any action potentials in these paralysed muscles.
However, during the act of rising from the sitting position, voluntary contraction of the latissimus dorsi was invariably followed by action potentials mn these paralysed muscles. It appears, therefore, that a stretch reflex is elicited, resulting in reflex contractions in gluteus maximus, quadriceps and hamstrings in the spastic paraplegic, when the legs are made to carry some of the patient's weight. As one would expect, no signs of reflex activity were observed in the one patient, in which these muscles showed a flaccid type of paralysis. The reflex activity during the act of rising was particularly intensive in quadriceps and hamstrings, Proceedings of the Royal Society of Medicine while it was found to vary in intensity in the gluteus maximus, in different patients. It is possible that the difference in thickness of the fat layer in the buttocks is responsible for the variable recording from the gluteus maximus. During the act of rising, there was vigorous activity in quadriceps and, once the erect position was attained, also in the hamstrings. In the erect position, the activity in the quadriceps tended to decrease, while the hamstrings remained active all the time. In Cases I and II, there was a tendency for clonus to develop, usually starting in the hamstrings and spreading to the quadriceps. This also happened occasionally after relaxing. On the other hand, in Case III, once the erect position was attained, the pattern of activity in the hamstrings was found more similar to that of these muscles in the normal controls. This more co-ordinated reflex response in these two cases is an interesting finding, as it may prove, if confirmed on a greater material, to what extent of co-ordinated function the isolated cord in the spinal man may be trained.
Stoke Mandeville Hospital, Aylesbury, Bucks THE purpose of this paper is to describe briefly a few points of surgical interest, which in our experience have proved to be of particular importance in the treatment of pressure sores in paraplegic patients.
Any pressure sore can be healed by conservative methods including, where necessary, excision of necrosed tissues, and in practice the great majority of sores treated at this centre are healed by such methods. However, we have found that there are two main indications for surgical repair:
(I) Repeated breakdown of a healed scar.-This is, perhaps, the more common and may arise soon after the patient first gets out of bed and make his return to a useful life impossible. On the other hand quite often adherent scars, as a result of healed sores over sacrum, ischii and trochanters give no trouble for several years.
(2) To shorten the period of healing.-This is especially applicable (a) in sinus sores occurring as a rule over the ischial or trochanteric regions where a small skin defect leads into a large cavity in the deep tissues and (b) in extensive superficial sores. In the latter type we have found that seed grafts buried in the granulation tissues, as recommended by Bors and Commar (1948) of California, form the most satisfactory method of promoting rapid healing. TiME OF OPERATION An important point is the correct timing of the operation. In our experience poor results are common when reparative surgery is carried out within a few weeks of acute local infection, in the presence of several sores or where the patient's general condition is not satisfactory. For this reason and also because of the increased tendency to vasomotor upsets following operation at an early stage we have found it best to postpone surgery until the patient is really fit. We have also found it especially important to exclude any infection with hlemolytic streptococcus, Staph. pyogenes, Ps. pyocyaneas, and Proteus.
LOCAL PREPARATIONS Many paraplegics, especially those who have been submitted to prolonged pressure by recumbency in plaster casts or particularly plaster beds, develop a curious and often very marked loss of elasticity in the tissues around a scar and in these cases pre-operative treatment by grease massage is of the greatest value in facilitating closure of the wound.
One other point in the pre-operative preparation concerns the positioning of the patient. In most cases the post-operative period will be spent partly or entirely in the prone position and where necessary, especially in a spastic case, it is an advantage to accustom the patient to the position during the days before operation.
